Objective: To examine whether diet quality is associated with C-reactive protein concentration. Design: Cross-sectional study using data from the Third National Health and Nutrition Examination Survey (1988Survey ( -1994. Setting: Representative sample of the US population. Subjects: A total of 13 811 men and women aged Z20 y. Interventions: We examined the cross-sectional associations between the Healthy Eating Index (HEI), a measure of diet quality according to the Dietary Guidelines for Americans, and serum C-reactive protein concentration. Dietary information was assessed using a 24-h recall. Results: After adjustment for age, sex, race or ethnicity, education, smoking status, cotinine concentration, body mass index, waist-hip-ratio, aspirin use, alcohol use, physical activity level, and energy intake, HEI score was inversely associated with an elevated C-reactive protein concentration in logistic regression analysis (odds ratio per 10 unit change: 0.92; 95th confidence interval (CI): 0.86-0.99). Among the components, only the score for grain consumption was inversely associated with an elevated C-reactive protein concentration. Compared with participants in the lowest quintile of number of servings of grain consumption, the adjusted odds ratios of having an elevated C-reactive protein concentration for participants in the second, third, fourth, and fifth quintiles were 0.87 (95th CI: 0.67, 1.12), 0.85 (95th CI: 0.69, 1.06), 0.79 (95th CI: 0.65, 0.96), and 0.68 (95th CI: 0.52, 0.88), respectively. Conclusions: Grain consumption may reduce inflammation. Our findings require confirmation. Sponsorship: None.
Introduction
Inflammation plays a key role in the pathophysiology of numerous conditions, including cardiovascular disease (Libby, 2002) . Although there are many inflammatory markers, C-reactive protein concentration has received considerable attention since the 1990s because it was associated with cardiovascular disease in many studies (Ridker, 2003) and because it is easily and relatively inexpensively measured. Furthermore, C-reactive protein is a stable protein in blood samples.
Diet is an important determinant of health. The relations between the many facets of diet and health outcomes have been extensively investigated. However, the relationship between diet quality and various health outcomes is not as well understood. One measure of diet quality is the Healthy Eating Index (HEI), which was developed by US Department of Agriculture researchers to measure the overall quality of people's diets (Kennedy et al, 1995) . In all, 10 factors are used to calculate an HEI score: grain consumption, vegetable consumption, fruit consumption, milk consumption, meat consumption, total fat intake, saturated fat intake, cholesterol intake, sodium intake, and dietary variety. This index was associated with a moderate reduction in major chronic disease, particularly in men (McCullough et al, 2000a, b) .
Research has shown that nutrition can affect inflammation (Grimble, 1999; Chung et al, 2001; Seaman, 2002) . However, little is known about the nutritional determinants of C-reactive protein concentration. Since the HEI has been associated with a reduction in major chronic disease, mainly cardiovascular disease, we hypothesized that some of this inverse association may have been attributable to a beneficial effect on inflammation. Thus, our first goal was to examine whether an association existed between the HEI and C-reactive protein concentration. If we found evidence of a significant association, our second goal was to examine the associations between component scores of the HEI and C-reactive protein.
Subjects and methods
The Third National Health and Nutrition Examination Survey (NHANES III) was conducted between 1988 and 1994. A representative sample of the noninstitutionalized civilian US population, selected by using a multistage, stratified sampling design, was interviewed and invited for a clinical examination. For most participants, blood was drawn at the examination clinic, but for some who were unable to attend the examination because of health reasons a blood sample was obtained during the home interview. Persons aged Z60 y, African Americans, and Mexican Americans were oversampled. Details about the survey and its methods have been published previously (Centers for Disease Control and Prevention, 1994, 1996) . The study received human subjects approval from the Centers for Disease Control and Prevention.
Participants attended one of three examination sessions: morning, afternoon, or evening. Those attending the morning sessions were asked to fast for 10-16 h before the session; those attending the afternoon and evening sessions were asked to fast for at least 6 h. C-reactive protein was measured at the University of Washington Department of Laboratory Medicine by using latex-enhanced nephelometry (Centers for Disease Control and Prevention, 1996) . The lower detection limit was 3.0 mg/l. An elevated C-reactive protein concentration was defined as one at or above the 85th percentile of the sex-specific distribution: Z4.4 mg/l for men and Z7.0 mg/l for women (Ford, 1999) .
In 2000, the Centers for Disease Control and Prevention released an additional data set that contained the HEI, its subscores, and the number of servings of grain, fruit, vegetables, dairy, meat, and legumes from the Food Guide pyramid groups (US Department of Health and Human Services, 1999) . The HEI is a score that ranges from 0 to 100. It has 10 subcomponents: grains, fruits, vegetables, dairy, meats, fats, saturated fat, cholesterol, sodium, and dietary variety. Scores for each of the 10 components range from 0 to 10. A score of zero is assigned for zero servings of grain, vegetables, fruits, milk, or meat; Z45% of energy from fat intake; Z15% of energy from saturated fat intake; Z450 mg/ day of cholesterol intake; Z4800 mg/day of sodium intake; and r3 different items in a day. A maximum score of 10 is assigned for 6-11 servings of grain, 3-5 servings of vegetables, 2-4 servings of fruits, 2-3 servings of milk, 2-3 servings of meat, r30% of energy from fat intake, o10% of energy from saturated fat intake, r300 mg/day of cholesterol intake, r2400 mg/day of sodium intake, and Z8 different items in a day. The index and its component scores were determined from dietary information collected by a single 24-h recall administered in person to participants attending the medical examination. These dietary data were obtained using the Dietary Data Collection System, a microcomputerbased interview system developed by the University of Minnesota Nutrition Coordinating Center. The program contains structured probes to ensure complete and standardized dietary data collection. Interviewers assisted participants in estimating portion sizes with a variety of food models and measurement aids (Centers for Disease Control and Prevention, 1994) . The USDA Survey Nutrient Database served as the referent source of data food codes, gram weights, recipes, and nutrient values.
Other variables included in analyses were age, sex, ethnicity, education, smoking status, serum cotinine concentration, body mass index, waist-to-hip ratio, aspirin use, alcohol consumption, diabetes, physical activity level, and energy intake. Three levels of smoking status were created: participants who currently smoked (had smoked 100 cigarettes and were currently smoking), those who had quit smoking (had smoked 100 cigarettes and were not currently smoking), and those who had never smoked (had never smoked 100 cigarettes). Serum cotinine concentration was determined by using high-performance liquid chromatography atmospheric-pressure chemical ionization tandem mass spectrometry. Body mass index was calculated from measured weight and height (weight in kilograms divided by height in meters squared). The circumferences of the waist (at the level of the right iliac crest) and hips (at the maximum extension of the buttocks) were measured to the nearest 0.1 cm. Aspirin use was estimated from the following question: 'In the past month, have you taken any aspirin, Anacin, Bufferin, Ecotrin, Ascriptin, or Midol?' Participants were then asked how often they used these products in the prior month. Consumption of beer, wine, or hard liquor during the past month from a food-frequency questionnaire was used to estimate alcohol consumption. Diabetes status was determined from the question 'Have you ever been told by a doctor that you have diabetes or sugar diabetes?'. Respondents were asked whether they participated and, if so, their frequency of participation in the following activities during the previous month: walking, jogging or running, bicycling or bicycling on an exercise bicycle, swimming, aerobics or aerobic dancing, other dancing, calisthenics or exercises, gardening or yard work, and lifting weights. Participants could also report up to four additional physical activities. Four levels of physical activity were defined: vigorously active, moderately active, lightly active, and sedentary. 'Vigorously active' was defined as participating three or more times per week in an activity with a metabolic equivalent (MET) level of Z6 for participants who were 60 y or older and Z7 METs for participants who were younger than 60 y. One MET is the energy expenditure of approximately 3.5 ml oxygen/kg body weight/min or 1 kcal/kg body weight/h. 'Moderately active' was defined as participating five or more times per week in activities of which no more than two could be considered vigorous activities. 'Lightly active' was defined as participation that was not vigorous or moderate. Sedentary was defined as engaging in no leisuretime physical activity. In addition, a summary measure of physical activity was created by summing the products of the frequency of participation by the MET levels for each reported activity. Energy intake was determined from the 24-h dietary recall.
In addition, we tested the following variables as potential mediators for the association between scores of the HEI and grain consumption and C-reactive protein status: intakes of fiber, magnesium, zinc, copper, thiamine, riboflavin, niacin, vitamin B 6 , vitamin B 12 , folate, and vitamin E determined from a 24-h dietary recall; glycemic index determined from a food-frequency questionnaire (Ford & Liu, 2001) ; and concentrations of high-density lipoprotein cholesterol and non-high-density lipoprotein cholesterol.
Analyses were limited to participants aged Z20 y. Women who were pregnant were excluded from analyses. Ageadjustment was based on the 1980 US population aged Z20 y using the direct method. Tests for linear trend were carried out for proportions and means across quintiles of HEI scores. We examined the associations between the dichotomized C-reactive protein concentrations and the independent variables (both as continuous variable and quintiles) by using logistic regression analysis. We used medians for quintiles to test for linear trend in logistic regression analyses. To account for the complex survey design, analyses were conducted with SUDAAN with the medical examination clinic sampling weights to produce weighted estimates (Shah et al, 1997) . Because of the potential for sex-specific biological differences in the development of cardiovascular disease, we have presented sex-specific results.
Results
A total of 18 825 participants aged Z20 y were interviewed, of whom 16 573 attended the mobile examination center. After excluding pregnant women, 16 285 (15 343 had a value for C-reactive protein) remained. Additional exclusions for missing data for study variables reduced the final analytic sample size to 13 811 participants.
Compared with participants who had a C-reactive protein concentration below the 85th percentile, participants with an elevated C-reactive protein were older; had less education; had a higher mean cotinine concentration, body mass index, waist-to-hip ratio, and mean total cholesterol concentration; consumed less alcohol and total calories; were less likely to be white population or moderately or vigorously active; and were more likely to be a current smoker (Table 1) . Participants with an elevated C-reactive protein concentration also had a lower mean HEI score than the other participants. Furthermore, they had lower scores for grains, dairy, fats, and dietary variety and higher scores for sodium consumption.
After adjustment for age, sex, race or ethnicity, education, smoking status, cotinine concentration, body mass index, waist-to-hip ratio, alcohol use, diabetes, physical activity level, and energy intake, HEI score was inversely associated with C-reactive protein concentration (Table 2) . However, the inverse association was significant only among women. Among the components, only the score for grains was inversely associated with C-reactive protein concentration.
To examine the significant association between the scores for the HEI and grain consumption and C-reactive protein status in further detail, we divided each score into quintiles. The odds ratio decreased progressively as the quintiles of the HEI score increased (odds ratio for participants in quintile 5 compared with quintile 1: 0.74; 95% confidence interval (CI): 0.57-0.96) ( Table 3) . Since grain consumption expressed in number of servings may be easier to understand than the grain score, we calculated odds ratios for the former. The odds ratio of having an elevated C-reactive protein concentration was 0.68 (95% CI: 0.52-0.88) for participants who consumed 49.72 servings of grain per day compared with participants who consumed o3.549 servings per day. The odds ratio decreased progressively across quintiles of grain consumption. Interaction terms between sex and quintiles of the scores for the HEI and grain consumption were not significant.
To examine the effect of potential mediators on the association between scores for the HEI and grain component and C-reactive protein status, we calculated odds ratios for participants who did not report using vitamin or mineral supplements during the previous 24 h after including a variety of dietary factors, high-density lipoprotein cholesterol, and non-high-density lipoprotein cholesterol (Table 4) . Although there was little evidence of confounding by individual dietary factors, the combination of all dietary factors did result in some attenuation of the odds ratios, especially for the HEI score.
Since participants with diagnosed conditions such as coronary heart disease or diabetes could have changed to a healthier diet, we ran additional models after excluding participants with these conditions. For HEI score (N ¼ 12,104 
Discussion
Our results show that the HEI, a major dietary quality score, is associated with C-reactive protein concentration, a marker of inflammation. However, this association was attributable to grain consumption. The use of the 24-h dietary recall to calculate an HEI score is a limitation of this study. The limitations of this technique for collecting dietary information are well recognized (Liu et al, 1978; Willett, 1998) . However, a 24-h recall adequately groups a population into levels of intake. Misclassification of participants with respect to HEI status may have attenuated the associations we found. We cannot rule out the possibility that our findings are due to some other dietary factor that correlated strongly with the HEI or its components. In addition, other characteristics of participants may have accounted for our findings. People who tend to consume a healthy diet may differ in many ways from those who eat less healthy diets.
Although the HEI was only moderately associated with a reduction in major chronic diseases in prospective studies, male participants in the Physicians' Health Study, who were in the highest quintile of HEI scores, had a relative risk for cardiovascular disease of 0.72 (95% CI 0.60, 0.88) Table 2 Associations between the HEI and component scores and elevated C-reactive protein concentration among US adults aged Z20 y, National Health and Nutrition Examination Survey III, 1988 -1994 
Odds ratio a 95% CI P-value Wald w 2 Odds ratio 95% CI P-value Wald w 2 Odds ratio 95% CI P-value Odds ratio for HEI score is adjusted for age, sex (except sex-specific models), race or ethnicity, education, smoking status, cotinine concentration, body mass index, waist-to-hip-ratio, aspirin use, alcohol consumption, diabetes, physical activity level, and energy intake. Odds ratios for components are adjusted for same set of covariates and all other components. b Odds ratio corresponds to a 10 unit increase in HEI score. et al, 2000a, b) . Our results suggest the possibility that some of this benefit may have occurred through a reduction in inflammation. The findings with respect to grain consumption are particularly intriguing because of accumulating evidence of the benefits of grain consumption, particularly whole grains, in reducing risk for chronic disease, particularly cardiovascular disease (Hu and Willett, 2002; Truswell, 2002; Liu, 2002) . The mechanisms through which grain consumption might reduce inflammation are unclear. A low glycemic index and lipid-lowering properties may account for some of the beneficial effects of grain consumption on inflammation. For example, the cholesterol-lowering properties of wholegrain foods may reduce the proinflammatory stimuli from hypercholesterolemia (Liu et al, 2003) . In addition, some of the nutrients in grains (such as selenium, vitamin E, and phenolic compounds) have antioxidant effects that may limit proinflammatory stimuli from reactive oxygen species (Slavin et al, 2001) . Oxidative stress can exert a proinflammatory effect by activating nuclear factor KappaB (Rahman, 2002) . Furthermore, whole-grain foods contain numerous nutrients-such as linoleic acid, fiber, B vitamins, vitamin E, selenium, magnesium, zinc, and copper-that may, in part, explain the potential health benefits of these foods. In rats, magnesium deficiency has been associated with an inflammatory response (Malpuech-Brugere et al, 2000) . If a similar process occurs in humans, people who consume enough grains might be less likely to show evidence of inflammation than people who do not consume adequate grains. Our analysis indicated that intakes of fiber, magnesium, zinc, copper, thiamine, riboflavin, niacin, vitamin B 6 , vitamin B 12 , folate, and vitamin E may have mediated partially the observed association between the HEI score and C-reactive protein status, and, to a lesser degree, the association between the grain component and C-reactive protein status. Our results suggest a potential mechanism for the health benefits associated with eating whole-grain foods. Other studies will have to confirm or refute our findings. Shortterm and longer term studies that examine the effects of diets high in whole-grain foods on inflammatory parameters may prove interesting.
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